Digital simulation of sound field in the horizontal plane was carried out using orthostereophonic system (OSS). In simulations, several combinations of head and torso simulator (HATS) and equalizing networks were applied for a specified subject. On the other hand, a new method of analyzing the directional hearing in the horizontal plane was proposed. With the results of localization tests, the proposed method has demonstrated that: (1) Sound image directions and its quality as a difference between original and simulated sound field was estimated; The value2.3deg in error mean square for estimating the sound image direction difference and the value0.78in correlation coefficient for estimating the sound image quality difference were obtained, respectively. (2) For the given errors of sound image quality and direction, the tolerance limits of OSS performance as the interaural difference margin were illustrated using the proposed method.
1.•@ INTRODUCTION
sound field by synthesizing the signals at the eardrums of a listener in an anechoic chamber. In their equalizing method, the symmetrical head-related transfer functions (HRTFs) were used. Ando et al.7) applied Schroeder-Atal prefiltering model to the asymmetrical two-channel loudspeaker system by using a digital computer. In the previous paper (in Japanese), 8) we have reported a modified version of the equalizing network on a HATS system compose of a digital arithmetic system controlled by microcomputer and a bubble memory. The equalizing network can be applied to the asymmetric condition of HRTFs, and is found to be particularly usefull in the hardware construction or in the accurate simulation of an original sound field using digital system. This system is referred to as orthostereophonic system (OSS). Figure1shows the schematic arrangement of OSS.
Firstly, the transmission characteristics of OSS including the HATS, the equalizing network, and the listener must be evaluated by an appropriately de- fined performance test. Then the relation between physical performance of OSS and perceived subjective results must be investigated. The purpose of this paper is to compare the interaural differences in the original sound field with those of simulated sound field regarding to the signal amplitude and phase differences. The experimental results for several cases of HATS and OSS-equalizing networks combinations for a specified listener are shown. Also, a new method of analyzing the directional hearing in the horizontal plane was developed. From this analyzing method, the quality of a sound image is evaluated and difference of the sound image direction in original sound field and simulated sound field is estimated. Finally, for the given errors of sound image quality and direction, the tolerance limits of OSS performance in terms of the interaural difference margin are illustrated using this analyzing method.
Before going into the main arguments, the construction of OSS is described in the following chapter. and dimensions of pinna, head, and torso are very important parameters for HATS design.
In this paper, two types of HATS are used for the hearing test.
(1) S-HATS: When the HRTFs that identical to the subject are used in the simulation, the sound pressures at the eardrums are reproduced correctly. 9) In order to achieve the above condition, one subject was chosen and a specially designed HATS (S-HATS) for this specified subject was developed. This S-HATS was made of subject' s replicas such that pinna, head, and torso (Figs. 5and6).
(2) SAMRAI: Another HATS, namely "SAM-RAI" has the average dimensions of Japanese male adult. 24) They demonstrated that the experimental results of ITD on a human head agree well with Eq. (7).
In the cases of pure tone, ITD may be considered as the interaural phase difference (IPD).
The difference thresholds for IPD appear in the order of2.5to5deg in low frequency range below 1.5 kHz and can not be detected in high frequency range.12) Finally, for the given errors of sound image quality and direction, the tolerance limits of OSS performance as the interaural difference margin are illustrated using the proposed method (Figs. 18and19) .
7.•@ CONCLUSIONS
The results may be summarized as follows: 
